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Final Geotechnical Report
Relocate Environmental Testing Mission

Aberdeen Proving Ground, Maryland
May 2004

1. PROJECT DESCRIPTION AND LOCATION:  The proposed project consists of constructing
a new 10,000 square foot single-story pre-engineered metal structure.  Interior walls will be
constructed of reinforced concrete masonry units (CMU).  A gravel surfaced access road, 10
vehicle POV parking area, and temperature conditioning (control) pad will also be constructed.
The location of the proposed facility is located at Aberdeen Proving Grounds behind the
security fence.  The site is accessed from Surveillance Range Road.  Appendix A contains a
Vicinity Map and Location Plan.  The proposed site is relatively flat, falling from north to
south and is currently heavily wooded.

2. GEOTECHNICAL SCOPE OF WORK: The project scope of work consists of the geotechnical
aspects pertaining to the design of the foundations, exterior gravel roadways and pads, and
earthwork requirements for the proposed facility.

3. SITE INVESTIGATION:

A. Subsurface Exploration. Subsurface Exploration was performed in April 2004 and
consisted of 9 drill holes.  Three drill holes were completed within the limits of the
building to a depth of 31.5 feet and six drill holes were completed within the limits of the
gravel roadway and conditioning pad to a depth of 6 feet.  All drill holes were
accomplished by the Standard Penetration Test Procedure (SPT) per ASTM D 1586 using a
1-3/8-inch ID x 2-foot 8-inch long split spoon sampler.  Sample spoons were advanced by a
140-pound hammer free falling 30 inches.  SPT’s were completed at 2.5-foot intervals and
the blow counts recorded for each 0.5-foot drive.  The SPT provided the necessary soil
samples to evaluate the distribution of soil types, groundwater elevations, in-situ moisture
contents throughout the project area, and blow count data which indicates the relative
density and consistency of the soils.  Drill hole locations and corresponding boring logs are
located in Appendix B.

B. Laboratory Testing. All SPT soil samples were visually inspected and assigned a Unified
Soil Classification System (USCS, ASTM D 2487) classification by an experienced
laboratory technician.  Index properties of samples representative of soil stratification were
determined by performing mechanical sieve analysis, Atterberg limits, and in-situ water
contents.  The results of these tests are presented in Appendix C and are reflected in the
final boring logs shown in Appendix B.

4. SITE CONDITIONS:

A. Regional Geology. The project site lies within a geologic area known as the Atlantic
Coastal Plain Physiographic Province approximately 4.5 miles southeast of the “fall line”.
The “fall line” represents the boundary separating the Coastal Plain from the Piedmont
Physiographic Province.  The Coastal Plain is a wedge of sedimentary deposits which
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gradually thickens to the southeast and overlies the crystalline bedrock of the Piedmont.
The site soils consist of transported terrace deposits of the Talbot Formation of the
Quaternary Period.  Groundwater and soil stratigraphy are discussed in detail in paragraph
Subsurface Conditions.

B. Subsurface Conditions.

a. Soil Stratigraphy:

The surficial soils at the site of the proposed Relocate Environmental Testing Mission
project are coastal deposits consisting lean clays and silts (CL and ML), of silty sands
(SM) and coarser sands (SP and SW).  The penetration resistance (N-value) of the
SPT’s indicates the soils to have relative densities ranging from loose to medium dense.

b. Groundwater: Groundwater levels were recorded during drilling, when first
encountered, on completion of the hole, and 24-hours after completion of the hole.
Groundwater levels were encountered at depths ranging between 5 to 10 feet below
grade, and rose to as high as 1 foot below grade within 24 hours after the hole was
completed.  Consequently, the installation of utilities and foundations may be impacted
by groundwater conditions.

5. SATISFACTORY BACKFILL MATERIALS AND COMPACTION REQUIREMENTS:
Satisfactory fill and backfill materials beneath roadways, pads, and within the building
footprint shall be classified in accordance with ASTM D 2487 as SM, SC, SW-SC, SW-SM,
GM, GC, GW-GC, GW-GM, CL or ML.  Satisfactory fill and backfill materials, as defined
above, shall be placed in loose lifts not exceeding 8-inches.  Lift thickness shall be limited to
6-inches where hand operated compaction equipment is used.  To achieve the desired long-
term soil strength characteristics, all fill, backfill and subgrade materials within the building
footprint and beneath pavements shall be compacted at moisture contents within plus or minus
2 percent of optimum moisture to 90 percent and 95 percent of laboratory maximum density -
in accordance with ASTM D 1557 - for cohesive and cohesionless soils respectively.  In
grassed overlot areas, higher moisture contents are allowed as long as 85 percent and 90
percent compaction – in accordance with ASTM D 1557 - for cohesive and cohesionless soils
respectively is achieved. Heavy equipment for spreading and compacting backfill shall not be
operated closer to foundation or retaining walls than a distance equal to the height of backfill
above the top of the footing.

6.  DRAINAGE AND WATER CONTROL:  Proper drainage and protection measures shall be
employed during the progress of the work to prevent soils from being rendered unsuitable for
subgrade, fill or backfill.  These measures include such things as proper grading, sealing soils
with a roller prior to rain events, proper scheduling of earthwork activities (i.e. in summer),
etc.  Provisions will be incorporated into the contract specifications to ensure that the
contractor employs such protective measures.

7. TEMPORARY EXCAVATIONS:  Temporary excavations more than 4 feet high shall be
shored or cutback to a 2H on 1V slope.  Temporary excavations adjacent to structures may be
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cut back on a 2H to 1V slope with the top of the excavation beginning 10 feet away from the
outside edge of the footing of the existing structure.  Where cutting back the excavation is not
practical, the excavation shall be shored.

8. PAVEMENTS:

A. References: Proposed pavements were designed to meet both strength and frost protection
requirements in accordance with the latest Department of the Army criteria.  The following
references were used in the design of the pavements:

TM 5-822-2 Jul 87 General Provisions and Geometric Design for Roads, Streets,
Walks, and Open Storage Areas

TM 5-822-5 Jun 92 Pavement Design for Roads, Streets, Walks, and Open Storage
Areas

TM  5-809-12 Aug 87 Concrete Floor Slabs On Grade Subjected to Heavy Loads

TM 5-822-12 Sep 90 Design of Aggregate Surfaced Roads and Airfields

PCASE Pavement design programs located at http://www.pcase.com.

B. Pavement Sections:  This gravel surfaced pavement section illustrated below shall be
utilized for the access road, parking area, and Temperature Control Pad.  Substantiating
design calculations and details for the gravel surfaced roadway and interior concrete slab
are included in Appendix D.

GRAVEL SURFACED PAVEMENT SECTION

8”      Dense Graded Aggregate (DGA) Base Course
     (placed in two lifts)
     Stabilization Geotextile

INTERIOR CONCRETE PAVEMENT SECTION (Areas Subjected to Forklift Traffic)

6”      Concrete (5000 psi compressive strength @ 28 days)
 with 6 X 6 W2.9 W2.9 placed 2.5 inches below concrete surface
4”      Dense Graded Aggregate

     10-mil polyethylene sheeting (vapor barrier)
4”      Capillary Water Barrier

      Stabilization Geotextile

Where subgrade stabilization is required as defined in paragraph Subgrade Stabilization,
the stabilization geotextile shall be placed beneath the subgrade stabilization layer,
otherwise the stabilization geotextile shall be placed directly beneath the capillary water
barrier or DGA base course for interior and exterior pavements respectively.

C. Traffic:
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Traffic for the exterior gravel roadway was unknown and therefore was designed for a
Design Index of 2 to accommodate up to 70 vehicles per day with no more than 7 three,
four or five-axle trucks per day.  The interior 6-inch concrete pavement section was
designed to accommodate a forklift with 6 kip maximum load capacity for up to 250
operations per day for 25-years and a forklift with 15 kip maximum load capacity for up to
10 operations per day for 25-years.  If these traffic loadings are underestimated, this office
shall be contacted such that the pavement sections can be redesigned.

D. Subgrade: A California Bearing Ratio (CBR) of 3.5 was used for the design of the gravel
roadways and a modulus of subgrade reaction (k-value) of 100 pci was used for the design
of the interior concrete pavements (however, the k-value of 100 pci was increased to an
effective k-value of 150 pci to take into account the base course beneath the interior floor
slab).  The CBR and k-value are based upon empirical correlations from the anticipated
stable in-situ soil conditions.  To ensure a stable subgrade beneath exterior pavements and
interior floor slabs, the subgrades shall be proofrolled with a minimum 10-ton dump truck
to identify soft unstable subgrade soils.  Soft unstable subgrade soils shall be removed and
stabilized as indicated in paragraph Subgrade Stabilization.

E. Concrete: A 28-day concrete compressive strength of 5000 psi is required for interior
concrete pavements subjected to vehicular traffic.

F. Joints in Interior Concrete Pavements and Slabs: The spacing of control (construction or
contraction) joints for the interior concrete slabs subjected to forklift traffic shall not
exceed 15 feet where no steel reinforcement is used and 25 feet when 6 X 6 W2.9 W2.9
welded wire mesh placed 2.5” below the surface is used; the length dimension shall not
exceed the width dimension of the slab by more than 25 percent.  To ensure good load
transfer between the joints, ¾-inch diameter dowels, 16 inches long spaced 12 inches on-
center (o.c.) with one end painted and oiled are required in all control joints.  Dowels shall
be placed at a depth of (3 inches + 3/8 inches) below the concrete surface.  Reinforcing
steel shall not be carried through the joints.

G. Subsurface Drainage (Subdrains): The in-situ subgrade materials at the proposed site are
moisture sensitive and frost susceptible.  However, due to the difficulty in providing
positive drainage away from the base course of the pavement section as a result of the
flatness of the site and high groundwater table, and since the exterior pavement sections
will be gravel surfaced therefore requiring annual maintenance, a pavement subdrainage
system will not be implemented into the pavement section.

H. Base Material and Vapor Barrier/Retarder Beneath Interior Slabs:  Interior concrete slabs
placed directly upon a vapor barrier are more likely to curl due to the moisture gradient
between the top and bottom of the slab than slabs placed upon granular base.  Therefore, to
reduce the potential for curling, the interior concrete slabs shall be constructed upon 4
inches of DGA underlain by 4 inches of capillary water barrier.  A 10-mil vapor barrier
shall be placed between the DGA and capillary water barrier thus providing a granular
barrier between the concrete slab and vapor barrier.  Prior to placing the vapor barrier upon
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the capillary water barrier, approximately 0.5 inches of concrete sand meeting ASTM C33
shall be rolled into the surface of the capillary water barrier to reduce the possibility of
puncture to the vapor barrier.  The vapor barrier shall be a polyethylene sheeting with a
minimum thickness of 10 mil.  The capillary water barrier shall consist of clean, crushed,
nonporous rock, crushed gravel or uncrushed gravel.  The maximum particle size shall be
1-1/2 inches and no more than 2 percent by weight shall pass the no. 4 size sieve.  The
capillary water barrier shall be compacted with a minimum of two passes of a hand
operated plate-type vibratory compactor.

I. Dense Graded Aggregate (DGA) Base Course: Dense Graded Aggregate shall be
continuously graded within the limits of one of the following gradations illustrated in Table
8.1.  Gradation No. 3 corresponds to the gradation of Graded Aggregate Base of the
Maryland DOT Standard Specifications For Construction and Materials, 2001, Table 901A
“AGGREGATES”.  Dense Graded Aggregate base material shall be placed at 95 percent
maximum dry density at optimum moisture in accordance with AASHTO T 180.

Table 8.1: Dense Graded Aggregate (DGA) Base Course

Sieve Percentage by Weight Passing
Designation Designated Square-Mesh Sieve

No. 1 No. 2 No. 3
2-inch 100 --- 100

1-1/2-inch 70-100 100 95-100
1-inch 45-80 60-100 ---

3/4-inch --- --- 70-92
1/2-inch 30-60 30-65 ---
3/8-inch --- --- 50-70

No. 4 20-50 20-50 35-55
No. 10 15-40 15-40 ---
No. 30 --- --- 12-25
No. 40 5-25 5-25 ---
No.200 0-10 0-10 0-8

J. Subgrade Stabilization:

The subgrade beneath the building footprint and exterior gravel surfaced roadway areas
(including access roadway, parking area, and temperature control pad) shall be proofrolled
in the presence of the Contracting Officer to identify isolated areas of soft, wet and
unstable subgrade soils.  Proofrolling shall consist of the application of at least five
coverages with a loaded (approximately 10 CY dump truck) dump truck weighing a
minimum of 10 tons.  Proofrolling shall be completed during dry weather when the
subgrade is not saturated from precipitation to avoid degrading an otherwise acceptable
subgrade.  Areas in which substantial pumping of the subgrade is observed and the in-situ
moisture contents are 5 percent or greater above optimum moisture content shall be
stabilized as indicated below.  Subgrade stabilization is not required in areas where
pumping is not observed when subjected to a 10-ton proof roller or soils are less than 5
percent above optimum moisture.  These areas where subgrade stabilization is not required
shall be dried back to within approximately plus 2 percent of optimum, plowed, disked, or



6

otherwise broken up, thoroughly mixed, and compacted to at least 90 percent laboratory
maximum density for cohesive materials or 95 percent laboratory maximum density for
cohesionless materials as defined in paragraph SATISFACTORY BACKFILL
MATERIALS AND COMPACTION REQUIREMENTS.  Measurement and Payment for
subgrade stabilization shall be measured and paid for as a unit price item.

Where proofrolling operations indicate the need for subgrade stabilization of unstable in-
situ subgrade materials beneath the proposed gravel surfaced pavements (and slabs) and
buildings, the area to be stabilized shall extend laterally 5.0-feet beyond the edge of the
unstable area. Stabilization shall consist of 12.0-inches of Dense Graded Aggregate base
materials placed upon a stabilization geotextile placed directly upon the undisturbed
subgrade.  To bridge the wet subgrade soils, the 12.0-inch lift of Dense Graded Aggregate
base material shall be placed between 90 and 95 percent maximum dry density at optimum
moisture in accordance with AASHTO T 180.  Vibratory compaction shall be used
cautiously to minimize the “wicking up” of moisture from the wet subgrade soils into the
stabilization layer therefore jeopardizing the stability of the stabilization (bridging) layer.
The stabilization geotextile shall be a woven or non-woven geotextile except that
heatbonded non-woven and slit film woven geotextile shall NOT be used.  The geotextile
shall meet the requirements of Class 1 Survivability in accordance with AASHTO M 288-
96.  The geotextile shall have MARV hydraulic properties meeting the requirements of
AASHTO M 288-96 geotextile criteria for stabilization (i.e. minimum permittivity of 0.05
sec -1 and an apparent opening size (AOS) equal or less than No. 40 sieve).

9. FOUNDATIONS:

A. Structural Design Parameters:  The Structural Engineer (STV Incorporated) has estimated
the maximum column and wall footing loadings for the pre-engineered structure as follows:

maximum interior wall load: 2.4 kips per linear foot

     maximum downward column load: 25 kips

B. Foundation Requirements: All footings shall bear a minimum of 29 inches below finished
grade or 12 inches into undisturbed subgrade, whichever is deeper to satisfy strength and
frost requirements.  In addition, due to the extensive amount of grubbing anticipated for the
removal of tree stumps, footings shall be lowered as necessary to bear beneath the grubbing
depth.

Footings shall be sized for net allowable bearing capacity of 2000 psf .  Total settlements
are anticipated to be less than 1-inch and differential settlements are expected to be less
than ½ -inch.  According to the structural engineer, downward maximum column loadings
of 25 kips will be distributed along an exterior continuous 2 foot wide grade beam with a
lateral loading of 23 kips resisted by the slab, and an uplift loading of 42 kips resisted by
the dead weight of the structure.  Per the contract drawings, an interior wall loading of 2.4
kips per lf will be distributed along a 3-foot wide wall footing bearing at elevation 17.5 feet
(approximately 3.5 feet below finished floor elevation).  The minimum strip footing width
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shall be 2.0 feet to prevent a “punching” or local shear failure.  Substantiating settlement
and bearing calculations are shown in Appendix E.

Prior to placement of foundations, the Contractor’s independent soil testing agency shall
inspect footing elevations and conduct Cone Penetrometer tests (Dynamic Cone
Penetrometer (DCP) for cohesionless materials (sands) and Static Cone Penetrometer for
cohesive materials (clays)) to verify a minimum allowable bearing capacity of 2000 psf.
Cone penetrometer tests shall be conducted every 25-feet along the continuous wall
footings and grade beams (with one directly beneath each column location along the grade
beam).  The cone penetrometer test shall be conducted at the foundation bearing elevation
and continue to a depth of 2-feet below the bearing elevation.  The cone penetrometer test
shall be completed in accordance with the manufacturer’s recommendations.

C.  Loadings Subjected to Interior 6-inch Floor Slab:  The 6-inch interior slabs underlain by 8-
inches of Base Course can support a maximum stationary live load of 1200 psf.  The
maximum allowable wall load located within the center of the slab or along the free edge of
a slab can be determined utilizing the charts in Appendix E.  Details for thickened slab
widths and free edge conditions beneath wall loadings are illustrated in figure 3-1 in
Appendix E.  An effective modulus of subgrade reaction value (k) of 150 pci shall be used
for the 8-inches of base course beneath the slab when utilizing the charts in Appendix E.

D. Seismic Site Classification in Accordance with FEMA 302-1998: In accordance with
chapter 4 of the 1997 edition of the NEHRP RECOMMENDED PROVISIONS FOR
SEISMIC REGULATIONS FOR NEW BUILDINGS AND OTHER STRUCTURES, the
properties of the in-situ site soils classify the site as a Site Class E.  This is based upon the
N-method and Su method as defined in paragraphs 4.1.2.1, 4.1.2.2 and 4.2.3 of the latter
NEHRP reference.

10. ENVIRONMENTAL CONSIDERATIONS:  The site has been assigned a CAT III designation
for environmental contamination due to the potential for encountering buried un-exploded
ordinance (UXO).  The proposed site was an impact area and therefore must be swept and
cleared of UXO.

11. POINT OF CONTACT: Any questions or comments regarding this report shall be directed to
Mr. David Tucker, P.E. at 410-962-6823.
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APPENDIX A

Vicinity Map
Location Plan
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APPENDIX B

Boring Location Plan
Boring Logs





RELOCATE ENVIRONMENTAL TESTING MISSION
ABERDEEN PROVING GROUND, MD

SUBSURFACE EXPLORATION NOTES

1. EXPLORATION WAS PERFORMED DURING APRIL 2004.

2. DRILL HOLES (DH) WERE ACCOMPLISHED BY STANDARD PENETRATION TEST
PROCEDURE (SPT, ASTM - 1586) USING A 1-3/8"ID SPLIT SPOON SAMPLER.
SAMPLE SPOONS WERE ADVANCED BY A  140# HAMMER FALLING 30". THESE HOLES
WERE POWER AUGERED BETWEEN SAMPLES UNLESS OTHERWISE INDICATED. BLOW
COUNTS SHOWN ARE FOR 0.5' OF DRIVE, UNLESS OTHERWISE INDICATED.

WH - DENOTES WEIGHT OF HAMMER

3. BLOW COUNTS REQUIRED TO ADVANCE SAMPLE SPOON ARE SHOWN IN COLUMN (a).

4. COLUMN (b) SHOWS THE NATURAL WATER CONTENTS IN PERCENT OF DRY WEIGHT
OF THOSE SAMPLES TESTED.

5. SOIL DESCRIPTIONS ARE SHOWN IN COLUMN (c).

6. SOIL DESCRIPTIONS ARE LABORATORY CLASSIFICATIONS BASED ON THE UNIFIED
SOIL CLASSIFICATION SYSTEM (ASTM D2487/2488), EXCEPT THOSE INDICATED
THUS (**), WHICH ARE FIELD INSPECTOR'S CLASSIFICATIONS.

7. GROUNDWATER DEPTHS ARE INDICATED ON THE LOGS AS ,  &  ARE SHOWN IN
COLUMN (d). PERTINENT DATA FOR THESE READINGS ARE SHOWN AT THE BOTTOM
OF LOG UNDER GROUNDWATER DATA OR ADDITIONAL GROUNDWATER DATA. THESE
READINGS MAY VARY DEPENDING UPON SEASONS AND AMOUNT OF RAINFALL.

NE - INDICATES GROUNDWATER NOT ENCOUNTERED

8. ELEVATIONS SHOWN ON THE BORING LOGS ARE GROUND SURFACE ELEVATIONS AT
THE TIME OF EXPLORATION. THEY WERE DETERMINED BY ESTIMATION FROM
TOPOGRAPHIC CONTOUR MAPS; DESIGNATED (±).

9. FOR LOCATIONS OF SUBSURFACE EXPLORATIONS, SEE BORING LOCATION PLAN.
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APPENDIX C

Soil Test Results
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APPENDIX D

Pavement Design Calculations
Pavement Details
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APPENDIX E

Foundation Calculations
Slab Loading Charts
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